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I. ABSTRACT 
Effects  of gamma rad ia t ion  on commercial secondary s i l v e r  and 
zinc ba t te ry  electrodes were investigated i n  experimental c e l l s  con- 
ta in ing  40% potassium hydroxide electrolyte .  
rad ia t ion  doses of 7 x 10 
charge capacity, gas evolution, and loss  of e lectrode material .  
Cel ls  were examined a t  
rads (H20) f o r  changes i n  dis- 7 8 t o  9 x 10 
For t h e  s i l v e r  electrodes at  7 x 10 7 rads, average capacity changes 
associated wi th  t he  i r r ad ia t ion  process were -7% (+7%), +6% (,+5%), 
and +l% (3%) a t  30, 60, and 90% s t a t e s  of charge, respectively.  
Pressure increases up t o  0.8 atm,  due primarily t o  the  rad io ly t ic  
evolution of hydrogen and oxygen, were observed a t  t he  same dose l e v e l  
- 
i n  s i l v e r  t e s t  c e l l s  w i t h  cadmium counter electrodes.  Material losses  
f r o m  unsupported s i lve r - s i lve r  oxide electrodes i n  flooded c e l l s  
averaged 1.4% of the  s i l v e r  electrode weight. 
Zinc electrodes were studied l e s s  extensively because of the  in- 
herent l imi t a t ions  on t h e i r  electrochemical reproducibi l i ty .  
parent increase i n  zinc discharge capacity during i r r a d i a t i o n  probably 
An ap- 
\ was caused by changes i n  t h e  physical cha rac t e r i s t i c s  of t he  cellophane 
separator.  Hydrogen evolution a l s o  occurred i n  zinc ce l l s .  Solid 
ma te r i a l  l o s ses  were not d i r e c t l y  measurable i n  the  closely-packed 
s tarved-electrolyte  design t h a t  was necessary t o  obtain quant i ta t ive  
capaci ty  data. 
O f  all t h e  rad ia t ion  e f f ec t s  investigated,  only gas evolution ap- 
pears  t o  present a spec ia l  design requirement f o r  silver-zinc ba t t e r i e s  
i n  space applications.  
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I I. INTRODUCTION 
Bat te r ies  i n  space vehicles may be exposed t o  cosmic rays and t o  
t h e  more intense radiat ion f i e l d  of t h e  Van Allen be l t .  
space systems, s t i l l  higher radiat ion doses a re  generated in te rna l ly .  
For example, both nickel-cadmium and silver-zinc ba t t e r i e s  i n  t h e  43- 
day SNAP-1OA mission received a radiat ion dose of 10 6 rads (H20). An 
e a r l i e r  program demonstrated t h a t  t h i s  dose l e v e l  i s  a t  the  threshold 
I n  nuclear 
f o r  rad ia t ion  damage i n  t h e  nickel-cadmium system. I The present pro- 
gram was undertaken t o  es tab l i sh  comparable information f o r  t he  s i l v e r  
zinc system. 
Detailed r e su l t s  of t h i s  work f o r  t h e  period extending from April 
1965 t o  July 1966 have been presented i n  a s e r i e s  of interim reports.  2-6 
This f i n a l  report  on t h e  si lver-zinc study contains a de ta i led  descrip- 
t i o n  of work performed s ince t h e  f i f t h  inter im report  and a summary 
of procedures and r e su l t s  f o r  t he  en t i r e  program. 
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111. EXPERIMENTAL 
A .  IbIETHOD OF INVESTIGATION 
Radiation doses of magnitudes t h a t  may be encountered by bat ter ies  
i n  space environments were simulated with shorter exposures i n  high- 
intensi ty  Go gamma radiation sources. The behavior of commercial 
battery electrodes i n  40% potassium hydroxide electrolyte was examined 
i n  experimental ce l l s  that  were designed t o  permit the measurement of 
discharge capacity changes, gas evolution, and material losses associ- 
ated with the i r radiat ion process. Essential features of the equipment 
and experimental procedures are reviewed i n  Sections B through E below. 
Further de t a i l s  are  given i n  t h e  interim reports. 
B. CELLS AND ELECTRODES 
60 
2-4 
Outer containers f o r  the experimental ce l l s  were constructed of 
s ta in less  s teel ,  with pressure-tight O-ring seals and insulated feed- 
through connections f o r  the electrode leads. 
strain-gage transducers with ranges of 212.5 psig o r  225 psig were 
mounted i n  the stainless s t ee l  l i d s  f o r  the  recording of pressure. 
photograph of the cell assembly shown i n  Figure 1. 
In  several runs, miniature 
A 
The electrodes and electrolyte were place i n  alkali-resistant c e l l  
l i n e r s  inside the  s t ee l  cases. Most of the  l i ne r s  were made of poly- 
styrene, with f r i t t e d  
An all-quartz c e l l  of 
work. 2 
I n  a preliminary 
quartz separators, a s  i l lus t ra ted  i n  Figure 2. 
similar design was used i n  an early stage of the 
investigation of silve-zinc ce l l s ,  the  zinc 
n L electrode disintegrated a f t e r  several charge-discharge cycles. The 
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more quantitative studies were therefore concentrated i n i t i a l l y  on 
s i lve r  electrode behavlor i n  silvercadmium cel ls .  
electrodes were sections cut from Yardney Electric Corporation 0.8 
amphr electrodes. 
and a nominal capacity of 0.4 a m p h r .  
serted i n  the central  compartment of the  l i n e r  shown i n  Figure 2. 
parallel-connected cadmium counter electrodes, each wi th  a nominal 
capacity of 0.5 amp-hr, were placed i n  the  outer compartments t o  give 
a uniform current density distribution on the t e s t  specimen. 
s i l v e r  electrode was thus made capacity-limiting. 
mium electrodes were those removed f r o m  Eveready N-75 nickel-cadmium 
c e l l s  and trimmed t o  f i t  t h e  polystyrene l iners .  It was l a t e r  found 
mre convenient t o  use Eveready R-2 cadmium plates, which were of similar 
construction but required no trimming. 
The s i lver  t e s t  
Most of the sections used had a weight of 1.5 g 
The s i lve r  electrode was in- 
Two 
"he 
In i t ia l ly ,  the cad- 
5 
Mercury-mercuric oxide reference electrodes of the design i l lus t ra ted  
in F'igure 3 were used i n  t h e  ce l l s  occasionally t o  characterize individ- 
ua l  electrode behavior and t o  minimize t he  influence of ohmic drop i n  
the automatic current control system. 5 
The performance of zinc electrodes i n  flooded ce l l s  was unsatisfac- 
tory, due t o  growth of dendrites and excessive material loss  on cycling. 
The experimental development of starved-electrolyte zinc c e l l s  wi th  
cellophane separators t ha t  was  begun during the  f i f t h  report period 
was continued in the  m r e  recent work reported here. 
a c e l l  i s  shown i n  Figure 4. 
same kind of s ta inless  s t ee l  case t h a t  was used for the  s i l ve r  electrode 
studiea. 
2 
A diagram of such 
This assembly was placed inside the  
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6 The zinc electrodes (except i n  Run 267)  were sections of zinc 
These plates had a relative- plates  from Yardney Electric Corporation. 
l y  heavy layer of porous zinc attached t o  each side of a copper f o i l  
backing. Previously charged s i lver  plates  with excess capacity served 
as counter electrodes i n  the  zinc studies. 
C. ELECTRICAL CIRCUITS 
The instrumentation was designed t o  perform two principle functions: 
(1) automatic shallow cycling i n  four phases, each of 15 minutes dura- 
tion, and (2) automatic complete charge-discharge cycling at constant 
current fo r  the  measurement of capacity. 
between the  tes t  electrode and the  reference o r  counter electrode was 
In  each operation, the voltage 
recorded as a function of time. 
The elements of the  two automatic systems are  indicated schemati- 
ca l ly  i n  Figures 5 and 6. 
sequence charge-open circuit-discharge-open circuit, with a cycle 
The shallow cycling regime provided the 
depth of 5%. 
charging o r  discharging current un t i l  the  t o t a l  c e l l  voltage o r  the  
The capacity-measuring system operated a t  a constant 
voltage of t h e  t e s t  electrode versus the  reference electrode reached 
a preset U t .  The monitored voltage was then maintained a t  the upper 
o r  lower l i m i t  by intermittent application of the  current i n  response 
t o  an electronic control system. 
occurred at  t he  end of several hours. 
Finally, automatic current reversal 
The capacity-measuring circui t ,  
md i f i ed  t o  permit control, as  well as  recording, against a high- 
impedance reference electrode, i s  diagrammed i n  Figure 7. Details of 
t h i s  modification are discussed i n  the  Fourth Interim Report. 5 
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D. GAMMA RADIATION SOURCES 
6 Most of the i r radiat ion experiments were performed i n  the 10 rad/ 
h r  Co60 gamma source a t  the North American Aviation Science Center. 
The measured temperature of c e l l s  equilibrated i n  the radiation zone 
of t h i s  source was 40 t o  45°C. 
Toward the  end of the program, the  new 
Atomics International became available. In 
NAA Gamma Faci l i ty  a t  
t h i s  larger  source, the 
c. 
dose r a t e  could be varied from a maxhum value of 2 x 10' rads/hr by 
appropriate spacing of the Co rods. 60 The c e l l  temperature i n  the  
la rger  source was maintained a t  47" o r  lower by forced air convection. 
E. PROCEDURES 
1. Silver Electrode Studies 
The silvercadmium ce l l s  were prepared i n  duplicate f o r  each 
run; one c e l l  was irradiated, while the  other served as  a control. 
After charging t o  the i n i t i a l  full capacity of the s i lver  electrode, 
a s  determined by the voltage r i s e  at  the  onset of oxygen evolution, 
the  c e l l s  were preconditioned by cycling f o r  24 hrs  a t  the desired 
s t a t e  of charge (Q I/ Q + AQ). 
and AQ was 5%. 
Q was 30, 60 o r  90% of full charge, 
After cycling, the  pre-irradiation capacity was determined 
more precisely i n  several complete charge-discharge cycles. 
c e l l s  were cycled again a t  Q 
Following t h i s  step, the post-irradiation capacities were measured, 
Both 
Q + AQ during the i r radiat ion stage. 
the  gas atmospheres were analyzed, and the  residual solids i n  each 
c e l l  compartment were removed f o r  analysis.' The complete procedure 
f o r  t h e  s i l v e r  electrodes i s  diagrammed i n  Figure 8. 
Certain steps included i n  t h i s  chart were developed a f t e r  the 
second report period, i n  e f for t s  t o  improve the precision of t h e  capacity 
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and gas evolution data. 
measurements was kept at a standard value of '7.2 ma/cm . 
cycling was done a t  the  source temperature rather than a t  room temper- 
ature. 
meter leak detector, and the c e l l  atmosphere was replaced with nitrogen 
immediately before t h e  i r radiat ion stage t o  s i m p l i e  t h e  interpretation 
of gas composition data. 
The discharge current density in the capacity 
2 he- i r rad ia t ion  
The sealed ce l l s  were examined f o r  leaks with a mass spectro- 
2. Zinc Electrode Studies 
Ektensive preconditioning was l ess  effective i n  s tabi l izat ion of 
t h e  zinc electrodes because t h e i r  behavior appeared t o  be very dependent 
on the  maintenance of an unbroken separator envelope. 
e lectrolyte  was presaturated with zinc oxide t o  minimize the  loss of 
electrode material by dissolution i n  the discharged stage, t h e  possi- 
b i l i t y  remained, i n  flooded cel ls ,  f o r  the continuous buildup of 
zinc i n  t h e  charging stage. 
e lectrolyte  design, but t h e  measured capacity was then very probably 
influenced by the characterist ics of the  separator material and the  
c e l l  geometry. 
Although the  
This problem was mitigated by t h e  starved- 
The zinc capacity measurements could not be made with t h e  automatic 
voltage-limited system tha t  was used f o r  the  s i lver  electrodes because 
t h e  cellophane envelope would be broken by t h e  pressure of hydrogen 
accumulating during lengthy overcharges. By increasing t h e  current 
2 density at  the  zinc electrode from 7.2 t o  3.4 ma/cm , three discharges 
could be obtained i n  one day wi th  mand switching. This  higher CUP 
ren t  density was applied i n  F2uns Z G l l ,  ZG12, and ZG13, for which 
results are given i n  t h i s  report. 
AI-61-7 
1 
IV. RESULTS AND DISCUSSION 
Recent resul ts  on s i lver  and zinc electrodes that  were not in- 
cluded i n  ea r l i e r  reports are  presented i n  Sections A and B below. 
Cumulative resu l t s  on s i lver  fo r  the en t i re  program are summarized and 
discussed in Section C. 
A. SILVER ELECTRODES AT HIGH RADIATION DOSES 
Two i r radiat ion runs were made on s i lver  electrodes a t  90% s ta t e  
of charge in the high-intensity gamma source a t  Atomics International. 
Heating ra tes  a t  these dose rates  were substantially greater than those 
encountered i n  the smaller source that was used i n  the ea r l i e r  par ts  
of the  program. 
9 were obtained by means of a thermocouple placed inside one of the 
closed s ta inless  s t e e l  ce l l s  containing a p las t ic  l i n e r  and the usual 
To establish cooling requirements, the curves i n  Figure 
volume of electrolyte. A t  the maximum dose r a t e  of 2 x 10 7 rads 
(H20)/hr, without forced convection, the  temperature inside the c e l l  
approached 1 0 0 ° C  a t  the end of 3.5 hrs .  
vided by a fan, the temperature a t  the maximum ra te  was stabil ized 
a t  47"C, a s  shown i n  parts (a) and (b) of t h i s  figure. 
the  maximum dose rate,  which was obtained by the  use of 6 cobalt rods 
instead of 12, the steady-state temperature was 37" with the fan. 
Temperatures of 40 t o  45" had been measured i n  the smaller gamma source 
without forced convection. 
Under forced convection pro- 
A t  onehalf  
Detailed conditions for the two s i l ve r  electrode runs are  given 
In Run -35, the  t o t a l  dose was twice tha t  used i n  the i n  Table I. 
earlier runs; i n  ~ 3 6 ,  it was 13 times the  original value. With the 
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exception of dose ra te  and c e l l  temperature, the other conditions i n  
these runs were essentially those o f t h e  previous work. 
capacities of the  s i lver  electrodes are given in Table 11. 
Discharge 
The capacity 
increases observed i n  the irradiated ce l l s  are  within the  range of 
those i n  ea r l i e r  runs a t  the  90% charge level. 
charge i n  Run -35 i s  not direct ly  comparable t o  ea r l i e r  data because 
of a temperature error i n  the control cell. 
Run CG36 l ies within the s t a t i s t i c a l  average of changes for 90% 
runs a t  7 x 10 
t i o n  doses as  high as 10 
silver electrode capacity a t  t h i s  charge level.  
The zero net capacity 
The net charge of -6% i n  
7 rads (Section C). 
9 
Hence, it appears tha t  gamma radia- 
rads (HzO) have l i t t l e ,  if any, effect on the 
Gas pressures and compositions fromthe high-dose s i lver  runs are  
l i s t e d  in Table 111, and a pressure E time recording f o r  Run CG36 is 
reproduced i n  Figure 10. This cumre has the  same general shape as  
those recorded a t  t he  lower dose rate  of the smaller source, although 
the  t o t a l  pressure increase of 0.6 atm was not quite a s  large. 
t i o n  damage t o  the rubber &ring o r  other sealing materials a t  the 
high dose condition may account f o r  the relat ively small pressure in- 
crease observed i n  that  case. 
Radia- 
Significant quantit ies of hydrogen 
were produced by radiolysis, as  in ear l ier  runs with silvercadmium 
ce l l s .  
* 
The weights of residual solids i n  the s i lver  electrode compart- 
ments (Table IV) did not increase with the high radiation doses. 
t h e r  investigation would be required t o  -lain t h i s  result ,  which is  
Fur- 
-R 
Hydrogen evolution i s  discussed further i n  Section IV.B.2. 
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based on comparisons with only two high-dose runs. 
solids data f o r  the ent i re  program i s  included i n  Section C. 
A summary of s i lver  
The weights and compositions of cadmium compartment residues (Table 
V) were consistent with those found i n  ea r l i e r  runs with the R-2 
cadmium electrodes. This resu l t  was anticipated, since no significant 
material loss fromthese electrodes has been associated with the irradia- 
t i on  process. 
B. RADIATION FlFFECTS ON ZINC ELECTRODES 
Experimental conditions f o r  the  zinc electrode runs, including 
cer ta in  de ta i l s  of the  c e l l  construction, are  l i s t e d  i n  Table V I .  In 
preliminary experiments, the  Permion 600 cellophane, a pr-irradiated 
material, was found t o  be much more resistant t o  gama rays than the 
nonirradiated battery grade Fudo 193. 
used i n  the zinc i r radiat ion runs. 
cellulose fabric, was also severely attacked when irradiated i n  the 
Permion envelopes were therefore 
The Viskon padding, a nonwoven 
alkaline solution. 
t e s t  capacity i n  the i r radiated c e l l  of Run ZG-12. 
Viskon with a separator cloth fromthe R-2 cel ls ,  both pre- and post- 
i r rad ia t ion  data were obtained in  Run ZG13. 
Its destruction prevented the measurement of  post- 
e replacing the 
The zinc electrode capacities are given i n  Table V I I ,  
charging and discharging curves for  zinc are  shown in  Figure ll. When 
cycled from an i n i t i a l  90% s t a t e  of charge the  zinc electrode showed 
an apparent net capacity gain of 4l.g due t o  irradiation. 
probabb re f lec ts  increased permeability of the  envelope material, rather 
Tgpical 
This change 
than an in t r in s i c  change i n  the  electrode system. 
Table V I I I  contains gas evolution data f o r  t h e  zinc cells.  Hydrogen 
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appeared as a major product of radiolysis, a s  i n  the  silvercadmium 
runs. 
sumption of hydmql radicals by the  active m e t a l  e l e ~ t r o d e . ~  
Its formation i n  such systems is  believed t o  accompany the con- 
The 
envelope i n  Run ZGl3 may then have been penetrated t o  some extent 
by both OH' and H2. 
may provide another source of hydrogen. 
"he radiolytic decomposition of organic materials 
This kind of reaction probably 
accounts for  a major portion of the  hydrogen i n  Run ZGU and a minor 
portion i n  Run ZC-13. 
Further study by modified experimental approaches would be required 
t o  evaluate radiation effects  on zinc electrode systems more quantitatively. 
This  i s  especially t rue  of secondary electrodes, f o r  which the  i n t e r  
f a c i a l  processes tend t o  be obscured by transport phenomena. 
C. SUIdMARY OF RADIATION EFFECTS ON SILVEX ELECTRCBES 
Gamma radiation effects  on s i lver  electrodes a re  summarized i n  
t h i s  section f o r  the  en t i re  program. O f  the  three phenomena t h a t  were 
investigated rather extensively, only one, the evolution of gases, was 
found t o  have a potential  major influence on battery performance a t  
radiat ion doses i n  the 10 t o  10 rad range. The other variables examined, 8 9 
which were discharge capacity and material loss,  showed only small 
radiat ion effects tha t  should not necessitate any major design changes 
i n  s i l v e r z i n c  ba t te r ies  f o r  presently-scheduled space missions. 
1. Discharne Capacity 
Representative charging and discharging curves f o r  s i lver  electrodes 
are shown i n  Figure 12. 
30% states of charge are  summarized i n  t he  three par ts  of Table IX and 
Discharge capacity changes at  90, 60, and 
represented graphically i n  Figure 13. In most runs, the  capacity changes 
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TABU IX. C H A N a  IN SILVEEI ELEZCRODE CAPACITY 
DURING IRRADIATION STAGE 
(A) Runs at In i t ia l  State of Charge 
Capacity change ($1 
Irradiated Cel lb  Control Cell Net Change' 
Run Reporta 
CG-9 
C G l O  
C G U .  
CG-15 
CG16 
C G 2 2  
c ~ 2 3  
CG-24 
CG25 
I1 
I1 
I1 
I1 
I1 
I11 
I11 
IV 
IV 
Average 
d -9 
+1 
-10 
+2 
+15 
-_- 
+3 
+6 
-7 
+11 (5) +1 (29) 
CG35e Final +13 <&I +13 (+&If ___ 
c(3-36g Final +5 (21) +ll(+J> -6 
%etailed data are  given in the indicated report on this program 
bTotal dose 7 x lo7 rads (H20) unless noted 
b t t e d  from average (only one capacity measurement) 
e1.5 X 10 rad6 (H20) 
fControl c e l l  temperature 100 too hi& 
% x 10 rads (HzO) 
Change in i r radiated c e l l  minus change in control c e l l  C 
8 
8 
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TABLE IX. (Continued) 
(B) Runs at 60% Initial State  of Charge 
Capacity Change ($1 
Irradiated C e l l b  Control C e l l  Net Change' 
Run Reporta 
CG-I2 
~ ~ 1 3  
CG-14 
CG-17 
CG-l.8 
CG-26 
CG27 
CG-29 
C G 3 0  
c ~ 3 i  
I1 
I1 
I1 
I V  
I V  
I V  
I V  
V 
~~ 
-3 
+6 
+11 
+11 
--_ 
-4 
+6 
+7 
+I2 
Average +7 (24) -1 (+4) - 
%etailed data are given i n  the indicated report on this program 
bTotal dose 7 x 10 7 rads (H20) 
Change in i r radiated c e l l  minus change in control c e l l  C 
d n e c t r o l y t e  par t ia l ly  spi l led 
Cycling current off control e 
TABLE I X .  (Continued) 
(C) Runs at 30% Init ial  State of Charge 
Run Reporta Capacity Change (%I 
Irradiated Cellb Control Cell Net Change 
~ 
CG-19 I1 
CG-20 I1 
CG21 I1 
CG-32 V 
C G - 3 4  V 
Average 
-19 (9) +3 
_-- 
-13 
-4 
-15 
-18 (24) -15 (24) 
~ ~~~~ ~~ 
%etailed data are given in the indicated report on this program 
bTotal dose 7 x 10 7 rads (H20) 
Electrolyte partially spilled C 
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FIGURE 13. NGT CHANGE IN SILVER ELEXTRODE CAPACITY 
VITA RADIATION DOSE OF 7 x 107 RADS C H ~ O >  
due t o  temperature and/or cycling are larger  i n  magnitude than the 
net changes associated with the  irradiation process. Although the 
average changes are  uncertain by several percent a t  each charge level, 
there appear t o  be a s l ight  capacity decrease due t o  radiation a t  the 
30% level,  a comparable increase a t  60% level,  and essentially no change 
a t  90%. 
outer limits of +U% and -14%. 
creased surface area. 
formation of residual solids i n  the c e l l .  Since the relat ive p r o p o ~  
t ion  of Ago decreases wi th  decreasing s t a t e  of charge, some trends i n  
the  electrochemical response t o  radiation with the charge leve l  would 
not be surprising. Characterization of the individual processes in- 
volved would require a more definit ive sc ien t i f ic  investigation beyond 
the  scope of t h i s  program. 
Capacity changes over this charge range f a l l  between average 
A capacity gain may resul t  from in- 
A loss of -1.4% can be accounted f o r  by the 
2. m K  en Evolution 
The data on hydrogen evolution i n  experimental silvewxdmium 
c e l l s  are summarized i n  Table X, where final t o t a l  pressures, percent 
hydrogen, and ItGlt values a re  given for irradiated ce l l s  a t  each charge 
level.  
runs, there  i s  no trend i n  amount with the s t a t e  of charge of the s i lver  
electrode. 
occurs by t he  interaction of the active anode metal and hydroxyl radicals, 
which leaves an excess of radiolytically-produced hydrogen atoms t o  
combine and form the gas. 
would then influence the gas evolution only through the related s t a t e  
of charge of the  larger  counter electrode. 
Although substantial amounts of hydrogen were evolved i n  all 
As mentioned in Section IVB, the gas evolution apparently 
The s ta te  of charge of the s i lver  electrode 
Table X pertains t o  s i l v e r  
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TABU X, H Y D M  EVOLUTION IN SILVER-CADMIUM C E U S  
T o t a l  Mole % Initial State of Radiation 
H2 Dose Pressure (rads (H20))  .Hg)- ($1 
(35-16 90 
Irradiated Cel l  
Control C e l l  
c ~ 2 5  90 
Irradiated C e l l  
Control C e l l  
CG-35 90 
Irradiated Cell 
Control C e l l  
CG-36 90 
Irradiated C e l l  
Control C e l l  
7 7.2 x 10 
0 
7 6.5 x 10 
0 
8 1.5 x 10 
0 
8 9 x 10 
0 
52.8 0.28 
0.14 
11.8 0 -063 
2.8 
9.76 0.018 __- 
39.1 0,013 
0 
CG-17 60 
Irradiated C e l l  
Control C e l l  
CG-26 60 
Irradiated Cel l  
Control C e l l  
CG-27 60 
Irradiated C e l l  
Control C e l l  
CG-30 60 
Irradiated C e l l  
Control C e l l  
7.2 x 10 7 
0 
7 6.5 x 10 
0 
7 6.5 x 10 
0 
7 6.5 x 10 
0 
988 
971 
1087 
776 
884 
695 
990 
816 
15.1 0.058 
0.10 
19.3 0 . 105 
0.08 
12.1 0.061 
0 
19.3 0.109 
1.07 
7 779 27.4 0,110 
CGC-20 3 
Irradiated Cel l  7.2 x 10 
Control C e l l  0 685 0.19 
7 880 17.8 0 ,080 
CG-32 3 
Irradiated C e l l  7.0 x 10 
Control C e l l  0 8% 0.02 
7.0 x 10 7 1120 15.3 0.067 CG-34 30 Irradiated C e l l  
Control C e l l  0 892 0 
%olecules H 
bFaults sampling 
per 100 ev absorbed by solution 2 
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cadmium ce l l s ;  further studies with zinc electrodes would be needed 
t o  evaluate the gas evolution characterist ics more specifically f o r  
t h i s  m e t a l  i n  s i l v e r z i n c  cells.  analogy t o  the  cadmium cel ls ,  
pressure increases of the order of 0.5 t o  1 atm might be expected 
with doses of 10 
release valves may therefore be desirable f o r  ba t te r ies  i n  some space 
8 rads and 50% ullage. Pressure containers o r  gas 
applications. 
3. Material Loss 
The losses of electrode material i n  the form of s i lvercontaining 
residual solids recovered from both s i lver  and cadmium compartments 
are  shown i n  Table X I .  The residual weights have been corrected f o r  
the content of s i l i c a  dislodged fromthe f r i t t e d  separators. The 
loss thus reported consisted primarily of s i lver ,  although s i lver  
oxides were detected occasionally by x-ray diffraction. 
of silver tha t  migrated through the  f r i t s  in to  the cadmium compartments 
The amounts 
were not significant when expressed as net changes on irradiation. 
Negative numbers i n  t h i s  column ref lect  the limits of experimental 
accuracy at  the  1 t o  2 mg/g level. 
ments at a dose of 7 x 10 
1.4% of the t o t a l  electrode weight i n  the  uncharged condition. 
Net losses i n  the s i lver  compart- 
7 rads represent an average of l-4 m g / g ,  or  
Some 
comments concerning the two high-dose runs were made in Section 1V.A. 
This residual material would ordinarily be retained i n  a porous battery 
separator without serious damage t o  the cel l .  
t ion,  it might be channeled into sections tha t  would tend t o  short the 
ce l l .  However, a protective envelope such as  cellophane, which i s  
used t o  retard the growth of zinc dendrites, would also prevent shorting 
With excessive vibra- 
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TABLE XI. MATERIAL mss FROM THE SILVER ELECTRODP 
(A) Runs at 90% In i t ia l  State of Charge 
Milligrams of Residual Si lver  Solids per G r a m  of Silver  I n i t i a l l y  Present 
Run Si lver  Electrode Compartment Cadmium Electrode Compartments 
Irradiated Control Net Irradiated Control Net 
CG-10 21.4 1.6 19.8 
C G l l  17.3 1.7 15.6 
CG15 24.5 4.9 19.6 
CG-16 14.7 4.8 9.9 
CG-23 14.6 3.7 10.9 
CG-24 32 4.4 28 
CG25 39 5.6 33 
5.1 2.3 2.8 
2.1 3.9 -1.8 
CG-35b 5.3 -1.2 4 
CG-36' 9.9 -2 8 
0.9 1.6 -0 -7 
2.5 1.2 -1.3 
7 9 x 10 
b1.5 x 10 rads 
8 9 x 10 rads C 
rads (H 0) unless noted 
8 
2 
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TABLE XI. (Continued) 
(B) b116 at 60% Initial State of Charge 
Milligrams of Residual Silver Solids per Gram of Silver Initially Present 
RUn Silver Electrode Compartment Cadmium Electrode Compartments 
Irradiated Control Net Irradiated Control Net 
CG-13 
CG14 
CG-18 
CG-26 
CG-27 
CG-29 
CG-30 
CG-31 
23.1 
20.4 
26.8 
15.3 
12.8 
7.8 
-3 
3.4 
6.5 
5.0 
9.3 
0.4 
y 0.3 
3.7 
-2 
3.4 
1.1 1.2 -0.1 
4.0 1.4 2.6 
2.5 2.3 0.2 
1.9 2.3 -0.9 
2.8 2.7 0.1 
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TABLE X I .  (Continued) 
(c) Runs at Initial State of Charge 
Mi1lip;rams of Residual Silver Solids per Gram of Silver Init ial ly  Present 
Run Silver Electrode Compartment Cadmium Electrode Compartments 
Irradiated Control Net Irradiated Control Net 
CG-19 50.2 22.1 28.1 
CG-20 52.6 -- -_ 
CG-32 6.2 2.1 4.1 
C G - 3 4  2.1 2.7 -0.6 
2.7 2.4 0.3 
1.6 0.8 0.8 
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by the s i lver  residue. 
losses associated with irradiation w i l l  present any new design pro& 
lems for s i lverz inc  ce l l s .  For other s i lver batteries without re- 
It i s  unlikely, therefore, that the s i lver 
I tentive separators, a shorting problem might occur. 
I 
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V. CONCLUSIONS AND RECOMMENDATIONS 
Changes induced i n  s i lver  electrode capacity by a radiation 
8 dose approaching 10 
mance i n  most applications. Average changes observed at  t h i s  dose 
l eve l  were -756, (,ul%), 6% (25%), and +l% (2%) a t  30, 60, and 90% 
states of charge, respectively. Although the study of zinc electrode 
behavior was l e s s  detailed, the capacity change observed o r  i r radiat ion 
appeared t o  originate i n  the separator, rather than i n  the electrochemical 
system. 
rads should not seriously affect  battery p e r f o r  
Provision should be made f o r  radiation-induced pressure increases 
of the order of 0.5 t o  1 atmosphere (assuming 50% ullage) i n  the design 
Of s i l v e r z i n c  o r  silvercadmium batteries tha t  may be exposed t o  as  
much a s  10 rads. 
than-equivalent quantities of oqgen. 
8 The evolved gas consisted of hydrogen and less- 
Material loss from the s i lver  electrode was -1.4% i n  flooded ce l l s  
a t  the  above dose level. 
with closely-packed starved-electrolyte designs. 
electrode is expected t o  be primarily a function of separator characterc 
ist  i c  s . 
Somewhat lower losses would be expected 
Loss from the zinc 
If a more definit ive characterization of individual  radiation 
e f fec ts  i n  the silver-zinc system i s  desired, a modified experimental 
approach is recomended. 
application of fas t  electrochemical relaxation techniques t o  micro- 
electrode systems i n  the radiation field.  
l a rge r  proportion of diagnostic experiments on simplified P O ~ ~ U S  
Such an approach would include t h e  i n  s i t u  
It would also include a 
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systems tha t  would appro*te battery electrode behavior without 
being subject t o  certain interactions tha t  occur i n  complete battery 
systems. 
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